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(54) ACID NITRIDE PHOSPHOR ACTIVATED WITH RARE EARTH ELEMENT 
(57)Abstract 

PROBLEM TO BE SOLVED: To provide an acid nitride phosphor 
activated with a rare earth element, which can realize a white LED 
with a higher luminance, using a blue LED as the light source. 
SOLUTION: This phosphor is represented by the general formula: 
MexSi12-(m+n)AI(m+n)OnN16-n:Re1yRe2z. wherein a part or the 
whole of the metal(s) Me (Me is Ca, Mg, Y. or one or more of 



lanthanide metals except La and Ce) capable of forming a solid 
solution with a-sialon is substituted by lanthanide metal(s) Re1 (Re1 
is one or more of Ce, Pr, Eu t Tb, Yb, and Er) serving as a 
luminescent center, or two kinds of lanthanide metals Re1 and a 
coactivator comprising Re2 (Re2 is Dy). 
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(57) [£ift] 

neLED*7ia8f:-rsafeLEDOBW«ft*nr 

OSS^iMH -fi^ :«e.SliM.,.> Albui CNib-. : 
Rel, Re2, T?^?n, 7;b7 TtM 7o yicgjgt S&JB 
He Olett, Ca, Hg, Y, XfciLai:Ce:£R&< 

ft©4>'L,>i:&&7>£-K£JgRel (Relti, Ce, Pr, E 




u, Tb, Yk XttEr©-«gL<ttr«JSU:) Xli-S 
F*SReiatF«fifffifflli: LT0Re2 (Re2 
ttDy) TfllSiSnSo 
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HtsRigl] -ISS : He. Siu*«a Al<,«> CN^ : 
Rel»Re2,T'^^n. 7 A>7 7 7 ay {cm®? ZikM 
He (Metis Ca, Mg. Y, Xt±Lai:Ce*BK =7V&- K# 
B<D-*g L < tt-atLh) (D-gflg t < ii£T *\ « 
^©^irftS^V^-F^JBRel (ReKi. Ce. Pr„ E 
u, Tk Yb, X{iErO-^L<i±-atLh) Xii-S 
m<D?yZ- K&BRel&tmttSgiJi: LT<DRe2 (Re2 

mnmz<mi<$tcmm<t®MXfoo 10 

[»*]S2] ^JBMe^rft(?)tt, 0.6<m<3.0. 

[»;RJS3] £f|MetfH<S<7>i;t. 0.9<m<4.5, * 

[»*«4] n=1.5, n=0.75T^O. fflfiX^:He.Si 
us AI2.25 0d.« N.s.2 5 :Rel,Re2 I (C*V , >T, 0.3<x+y< 
0.75. frO0.0Ky+z<0.7 (fcfcU y>0.0h 0.0<z 

<o. o i v& 3 ^-rn*»fe:iB«o#±a 20 

[pj£Jl5] 0.3<x+y+z<1.5, 0.01<y<0.7, *0 
0.0<z<0.1T^fc5M^4ES©l&±gTOii£ttSS 

[ffi*«6] ^JBMe*'CaT?»Sa*«2, 4 Xtt 5 ^ 
[000 1] 

ismvmtzmtimi c^iwiom #±®te 30 

(HrfeLED) fcJtfBfc-rsafeJBfc^^-K (fifeLE 
[0002] 

h&a , $£>\c7}V$yffi&zmfo#n}:u ens 

yl/S^Atf, $fc, rizv. Akad. Nauk SSSR, Ne 
org. Hasterj 17(8), 1431-5 (1981) tc. f&±S7C^K 
J:5Bttft:2<*-fcvy*^*AS{fc<!r-<* QlgSiN.) # 

5ZnSifcfcMn%{«rg^-tirfe#6^l*: (T. Endo et al. 
THigh pressure synthesis of'periodic compound" a 50 
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nd its optical and electrical propertiesj , In T. 
Tsuruta, U. Doyama and Seno (Editors), New Functio 
nality Materials. Volume C, Elsevier, Amsterdam, T 
he Netherlands, pp. 107-112(1993)) *f>, CaSi&lCEu 
*itT&2-&tcft&Mftft (S. S. Lee et al. fPhotolu 
minescence and Electroluminescence Characteristic 
of CaSiN 2 :EuJ . Proc. SPIE-Int. Soc. Opt. Eng., 32 
41, 75-83(1997)) „ faSU Ni fCEu«f«ftS*-& 

[0004] wmtvamyemz-o^Tii. ^-w-<7 

vyl£mfoVi®tt%WiW a#58HS6O-206889*§& 

(j. W. H. van Krevel et al. TLong wavelength Ce 
* emission in Y-Si-O-N materialsj , J. Alloys and 

Compounds, 268, 272-277(1998)) -f\ ^—^7/U~i- 
Sfia^HrrSBa,-, Eu.Aln OisN^f* (H. Hintzen et 
al. H)n the Existence of Europium Aluminum Oxynit 
rides aith a Magnetoplumbite or j3 -Alumina-Type St 
ructurej , J. SolidState Chem., 142, 48-50(1999), 
&l?S. R. Jansen et al. TEu-Doped BariumAluninum 
Oxynitride with 0 -Alumina-Type Structure as New B 
lue-EmittingPhosphorJ , J. Electrochem. Soc, 146, 

800-806(1999)) #f8£SntV3„ WS&X'li. 

^?><DfrT'&2> (^2000-030280) „ 

[0005] t£br\ w%mw%L<itm^mz<o 

li, &&LEM)m^%nx%X^%><, d©3feLEDO%)t 
tU %)tiST?S5iS*450~550nin<OInGaN?S<OflffeLED*' 

[0 0 0 6] COj;9^afeLEDtl^^:S7 , ef*tLT 
«> ffltS : (Y.Gd)3(Al,Ca)iO« T*^SnSYAGSg[{t 

C©M)t#{i, ^!iT:'*SMfainGaN^(?5WfeLED^'y 

[0 00 7] 

?km9tmi, -ttt, ®gi6S^400nra^a^5i:. X 
5o Lfzft^X. [nGaN^»feLED©^--yygantCYACm 

MUMp&ftstt^^s— f-4 y7Lzmz>t\%&& 

JtjgOWfeLEDCfilgx^yl/^-fc^-SC-e-r, Igx 
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[0008] cotim<o*mit. «±©a?>©W!Hc* 

D) ^7tiii:-r5afe^7 I c^^-F (SfeLED) ©fifH 
[0009] 

0IH*»ftf Stefto^gfl c©aM©5B!*DJB8# 
6i4, «3topfiiii:a««±a7aiSfl3jai"j*B«yM5jR 

at***MSfioaD«LTV* (#112000-030280 

« = 

[ooio] tu, coiasB©^{±, fijiaiJ^wa 

sg£W$©7Si^7;l>7 7^7n >*Si*M«fcffll\ 20 

(Bett, Ca, Mg, Y, Xt±LafcCe£®< 7^ K£g 
0-a^L<t±raJJl±) ©-gpglXfi^TftV »it 
OfyfotH^yZ- K^SRel (ReKi, Ce, Pr\ Eik 

=7y$- K&JBRelStf8ff}£flJi: UT©Re2 (Re2ttD 
y) T?«fcLfcl8Stt©ltefl3M8fc#tfs iOTfgcoa 
6LED*wr(J6i:-rSi:fc*atHL, c©IHJH©S£H*5t 

[ooi i] £t>ium<D?mii. ffi}£e>wim*m&?% 30 

fc©fcLT, — : He.Sii2-c« >Alc,a OnN.e-. :Re 
1, Re2. T'ir^ft. 7/1/77 7D >»CfflJ§-f S^JgUe 
Olefin Ca, «g. Y, XttLafcCefcHSK^V^-K^Ji 

©-aeixa^aeuo ©-sEgixtt^T**. «jie 

©ff&fc&S?^^ K^SRel (ReHi, Ce, Pi\ £u„ 
Tb, Yfc. XttEr©-»gb<JirMtt±) X«r«gO 
7^?- K^JBRel&tf^gSJi: LT©Re2 (Re2t4D 

y) T?wi*nfeibt#T?*sci:*««i:"r*a±a 

%o 40 

[0012] SLrccvfomnmui. &mne&~m<Dt 

0.6<m<3.0. 2>O0<n<1.5-?&3Ci: (M*^ 
2) . £L<fi:£SyetfH{ffi©£^ 0.9<m<4.5, 
■P0<n<l fc-«ttt LT««-r§ 0 

[0 0 13] S6lCC©Hlii©«WJ4, W±©m±«7t 
**f^S^Mfl:ttl£ifcttK:ll8U npl.5. n=0.75 
ISJSS :He,Si..« Ah.a Oo.s Nims :Rel,Re2 
,iefcl/->T, 0.3<x+y<0.75. rf)O0.01<y+z<0.7 (ft 
f£U y>0.0K 0.0^z<0.1) T^SCi: (»«« 
4) , 0.3<x+y+z<1.5, 0.01<y<0.7, 2)0 50 



ftffl 2002-363554 
4 

o.o£z<o.n?*«ci: msms) z-mmtLxm 

[0 0 14] S5fc£fcC«DtH«W>5BHI4> »*®2, 
4Xtt5fc«SSW!fcHU £JS3MetfCaT?fc3 C fc (» 

[0 0 15] 

BSP3©ISfflS©«l8] C0HW05H80«±3B7SR*^ 
e*-&ftBSft««)t#tt, ttSEoatK Hfc£:lIe,S 
ii2- 6 «) Alc«> O.N^. :Rel, Re2* ft 7/1/7 7 
TnyicS^-TS^MMe (Metf\ Ca. Mg, Y. X&L 
a£Ce%|&< K^S©-a^L< tt-atLh) 

©-S$gU<«£T)^ 5S)t©+iiii:4S7V^H* 
HRel (Belli, Ce. Pi\ Eiu Tb, Yb, X&Er©H8gL 
<(iz:aW±) XttnflBRO^^d'-K&JBRelRtfft 
ttS#J<t LT©Re2 (Re2«Dy) "pe&£ft"CV5o 

[0 0 16] C©ffl«©JW©*±a^*ftg£-B:fc 
^{fcUMft&fcfc^T, &SHel±, (Si.Al)3(N f 0).«D 

ftt)«filffl^&. *tftfilfflSft»)«S[lfflST?H» 

©-^tcfeV^T. 0.6<n<3.0. 35r30<n<1.5T?fc 
0, #SHeA^H<ffi<Di:#, 0.9<m<4.5, ^O0^n<1.5 

[0 0 17] CW)#HHeCD-g^L<(-4£T£8& 

-ixvtmmt, mmshT-h*), cft$T-tcai?.ft 

Kb, Sfttf^Je^SftS^O^ir&S^y^-K^ 
t tc£ UTv^fttMSBJttfc «k 5%7t?S 

[0018] ztz, c<oihm<D?ffl<o%;±m7zmzim 

r^^y^t- K^SRel©ftfitC, ^ggiJ^feS^^* 
- K^JBRe2T*B^-r5<l tftT**%t>\ C©«ffgJW 

6ft§ 0 — pttJtasf^ffl-efto, t^-oii, 4^+'; 7 

C©«fc9^7>^-F#SRe2©S^a{4, Wf^ 

o.o^z<o. i ft §©*^it?feSo 

[0 0 19] $6ti:, c©tfW©«W©#±a7SjR*^ 
7n>^W***4t-r§fe©T'^'3. -<-^-t7^7a> 

[0 0 2 0] -T*ft^. --<-*-9--f7D>&, -18^: 
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Si*, A1,0,N*. (0<z<4.2) T'^StU ^-£SMfc 
Si&ttO-gtftfAlT-, Sft. N 

[0021] cncMU 7)\z?7*M7uy\^ -S3 
^ : Me, Si Ak«> O.Nit-. "C^S^U 7)1/7 7 
S»{fr5r>r*©li8f*T?fc»K Sl-N3Bfc©-aJtfAl-N*& 
^Tf««*n«4:i:fe!C, ^^^JUHe CHeii, Ca, H 
g, Y, XttUtCe*»<7>^-F&BO-^L<tt 

[0022] C <D£ 5 1 W#T»t4Sj8Pl«i^Sa S ft 10 
r\ Eu, Tb, YbRtfErO#±aaSfaSj<0-«eL<ttr 

So 

[0 0 2 3] cnt^fU 7 )V7 7 V 4 7 a>&mMi 
ft-V&Zt, ^<0^f H «jgtc#JgMe Olett, Ca, Hg, 20 
Y, X«Lai:Ce%|»< 1 5>'f-K^JBO-aei/<ar: 

SCe, Pr, Eiu Tb, Yb&tfEr<D?#±3l7tjittf, ^O^g 

tetum-zrctb, 7)V7T-tJ7v>ffim<D$s-mfr 

[0 0 2 4] Lfttfot^ KTO^-WToy 

[0 0 2 5] ttttt*,, ^-fiVJTuy&Wttmt 30 
f § *§3\ tfl j4<O#WHS60-206889^^<OH5IM33~3 
5fcfS«2 ftTV^ <fc 5 * +Jv< 7 D >KEr«fktt 
«»ftlt^J«Lftaje#0#r«56JttftH:, »fe (410 
~440ran) T'fcStf, C ©UJJBO»W©«±ffl7cil6*W 
S^-efcg^tt&ftWi. &&*-3|gtt0J 1 &tf B 2 

(570~590nm) T*£3o CCSItiii^, 7)17 7 

K), mihzmtii.-fzmmwiT'DBwzzr&gif, mm 

[0 0 2 6] Sft, mW>ttnif'7)\/77^'<7uyx^ 

zctfrz, c©ffij»©sw©tf±S7«*tt?ss-efc 

[0027] -r&fe-fc, 7;i/77^7nya, ^s.o c 

sam^sfcfcwa.scfctf-c*, Lft*^r, ceo 
ath^t t «, a 5 %7t®g©jiS'>^)!»vjx^ < a 50 
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[002 8] Sft. 7;V77t^7ny{i, 

£>o ^LT. C©ffi8^f8E©fjH:S^ig*ttS;*tffc 
B»<bft«5Wtti, ffl/£5£#<D0/Nit> ftMfe£«fe*' 

£ s t M71 fc <fc t> ragoi^ t a 5o 

[0 0 2 9] #fc. C<0tf«O5ffl§©S±a7Eili*(*Jg 
Jtft^ftWftOtT', m=1.5, n=0.75-C*D, 
iffl^-'He. Sh.75 Akas OoB N'.s.a :Rel,Re2, fCfeO"" 
T. 0.3<x+y<0.75. frO0.0Ky+z<0.7 (fefcU y 
>0.0U 0.0<z<0.1) , SL<ii0.3<x+yT Z <1.5, 0. 
01<y<0.7. frO0.0<z<0.1O£ft£SSfcU &BHe 

[0 0 3 0] tKO«t3fC. C£0aiSlO^«^±li7C* 
*«S4-&ft«Sft:»MJtftH:, fifeLEDOfHSItettfc 
*rS»T?*t>v 3tiBi:aSInCamK»feLEDfcaLft^3tf* 

"^ifeSo 

[00 3 1] 

[f»] «&±a7C**W?SS*fts«gft*«316(**, 
*-y h^UXgg«fflV\ 20MPa©iDET. 1700T), lat 

© Ca-7;I/7r-9--r7ny(Cao.» Sins Ah.a Nisz 0 

0.75 ) 

^>*>A(CaO)-l3 : 9 : 3 

© Eu-7;l'7 7"9-^7D> , CEuo. s Si 9 .75 Ah.2s Nn.ss 0 

0.75 ) 

SffcWifi(ShffO : Bft7^5^->ACAlH) : IWta- 
pe^A(Eu 2 Q 1 )-l3 : 9 : 1 

® Pr-7;l/7T*9--r7uy(Pro. s Sisus Al 2 .2s 0 

0.75 ) 

mifr^mCShHO ■ fifk7;l/5-^ACAlN) : mt*?? 

-tr^-^ACPreOn )=30: 27 : 1 

@ Tb-7;l/7 7^^7ny(Tbo.5 Si9.rs Al« N«.s 0 

0.75 ) 

SffcWSSCSbNO : affc7;l/5^9A(AlN) : iWfc-f;l/ 
e^A(Tb,0:) = 26 : 18 : 1 

© Dy-7^77*9--r7ny(Dyo. 5 Sis.75 A Us Kn.s 0 

0.75 ) 

8ffcW*(Sbfc) : Sft7;l/5-^A(AlN) : ^{bx^ 

X^n^^A(Dy 2 03 ) = 13 : 9 : 1 

@ Y-7;l/7 7*9--r7ay(Yo. 5 Si9.7 5 AUs Nu.» 0 

0.75 ) 



(5) 



S<fc*-f*(ShN,) ■ g{fc7/l/^7A(AlfO : ^ftr-Y 

xya->^L.(Dy J 0 5 ) = 13 : 9 : 1 

© Yb-7;l/7 7^70 >-(Ybo. 5 Sim Ak= N«.s 0 

0.15 ) 

r;blf ^A(Yb2 0 3 ) = l3 :9 : l 

® Er-7/1/7 7 *!r47uy (Ero. 5 Sim Aka Nh.s 0 

0.75 ) 

e->A(EnO>) = 13 : 9 : 1 10 
&KH1) Eu* -f^yOffjatSaftSiHfcCa-J)!/ 

77-9-^7ay^e(*^, ±aB0>atf®©iRH«**ffl 

/Wtfcfi£U 20MPa<OSD.E 
Ts 1700'C. latwoajR»HlR*-ei«fHIElSS#fco 
[1] Ca(0%Eu)-7/l/77^7ny&ft{*(Ca,» s Skis 

Ah.25 NlS.25 Od.75 ) 

[2] Ca(5*Eu)-7;l/7r^-f 7n>^f*(Cao.7, Eu 

o.tes Si 9.75 Ah.25 K15.2S Oo. 75 ) 20 

<D Ca-7;l/77lM7ny : © Eu-7/l/7 7lM7ny 
=95 : 5 

[3] Ca(10%Eu)-7;l/7r*>f7D>»Jl6*(Cai.« Eu 

0.C6 Si9.75 A12.25 Nj5.25 Oo. 75 ) 

© Ca-7;l/7 7lM7ny : © Eu-7;K7 7^M7d;/ 
= 90: 10 

[4] Ca(20%Eu)-7/l/7r*9--r7ny^7t^(Cao. Q ) Eu 

0.13 Si9.75 Ah.2S Nl5.25 0t>. 75 ) 

<X> Ca-7;b7r^-T7ny : © Bu-7;l/7 7^7ny 
=80 : 20 30 
[5] Ca(30%Eu)-7/b7 7-9-Y7n>^7t^(Cao.53 Eu 

0.B Si9.J5 Ah.25 Nl5.25 0». 75 ) 

<X> Ca-7;I/77 < 9--T7ny : © Eu-7;l/7 7+M7ny 
= 70 : 30 

[6] Ca(50%Eu)-7/l/7 7-9-^7uyM5 1 c*(Cao.3s Eu 

OB Si9.JS Aha NlS.S 0d. T5 ) 

© Ca-7^7r -9-^70 y : © Eu-7/1/77+M 7D> 
=50 : 50 

[7] Ca(70%Eu)-77l'77irW7D>'^flj(Ca.. 2 s Eu 

0.35 Sia.7s Ah.25 Nis.a Ob. ts ) 40 

©Ca-7/l/77-*M7nv : © Eu-7rt/77 ^7ny 
=30 : 70 

H 1 ti. Cti6[1]~[7]©^Jti*OjSsfe58Jth:Bir*X 

[0 0 3 2] ^■ftKDmtVWm&Z.^ h;Hct, 28 
0nat400~450nmfcj£t^-^#gS&£ft-l.o C<9~0 
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[0 0 3 3] Eft^X"** h;Kc^nfcroCie-^(D 
(^ 280nmcotf-^tt N Stt#®Ca-7;t/7 7-9--f 7n> 
tfag^nfttf-^iCiilit, 400-450nnOtf-^t±, 

in<^m<Dnmwmmicmmt^o t&t ©e u - 

y<DttSa£>iifem: i: t^^fiMftiJlei/7 h LTV 3 
£ fc*>5> InGaNS»feLED©rag3fc(450~550nra) i: LT 

[0 0 3 4] H2ti. Eu 2 ' s(*><Dim»Z&<t-£&rc 

Eu 2 ' ^*y<Dftg*9titocL7c#oT56 
0nnA^590raifc:a^Wfci/7 h Lfco CWfSfcX^-J' h 

\£-t<om*&mt, Eu 2 ' -<^-y©f>rgs^5o%«ofct 

[0 0 3 5] JfcLt<OCa-7/l'7 7lM7n:x£ft 

LfcEu 2 ' *>HoElttfft5AfeKnTv^i: fctci 

3 £>©?££„ 

(Hffi0)J2} Rfit»**, © Ca-7;P7 7"9-^7n> : 
© Pr-7;l'77ir'i'7D>'=50 : 50©t;Htf<:il-£U 
COiB^I»***-> h7^XSB*fB^T2(H.Pa©iinEE 
T. 17001C, lam©£*»HSi*-eiB§IHEJ5S'8-TPr 
" -f*>%f*gS-frftCa-7;l/7 7lr^7n>'«Jtt#(Ca 
o.s Pro.zs Sis.is Aha Niss Oora )£-a/?£Lfco 

[0 0 3 6] H3Ca)(b)«, Pr 3 ' <Y*y*ftgS 

tirftCa-7;l/77-9--Y7n>'^*t:©I!)gX^^ h/k 

;l/fc(±, 263nmfcj2V 460nroftigfcPr i ' -T^y 

©f-fjl^K:ar3<WSIt!-^^teS!lSnfto fSfttf- 
*lett, 450~750na£Pr" -^yW-fjlgfcS-iK 0 

(MMW 3 ) © Ca-7;l/77-9--r7D> : 

© Tb-7;I/7r-9--f 7D> = 50 : 50<D Zl£U 
o©igM)*^3h-y K7*bX^S^ffl^T20MPa<Oi0JE 
T, HOOt, lataOSil^HaWTMBSIHRlSS-frTTb 
" -<*y*tt jg^ -«i-feCa-7;l/7 7^7D >M7t*(Ca 

c.38 Tbaa Sis.rs Alia Nis.a Oo.rs ) ; £'afiScL7c 0 

[0 0 3 7] I4(a)(b)(i, Tb 3 * -f*y*#gS 

■&ftCa-7;l/77-9--f7nyM^OJ5(lfiX^^ J-/k 
%7tX^^H;l/^^:Lfc^-v-hT-*§o fS^X-^^ h 
;V(CS, 263nm{c/i;^tr-^^i6f>n? , c: < > fgftfcT-^ 
tti, 470~650nmtCTbr" -<*><Of-m&fcm-3< W& 

<H«P4) JR»»**, © Ca-7/l/7r*-C7Dy : 
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<2> Eu-7;l/7 7^7ny : © Dy-7)17 7^4 7 riy 
=50 : 40 : lOOtMfctig^U C<om£®**&-y h 
TVXSB^JHV^OMPaO&DETx UQOV. latracog 

a^/l^r^^nyifftftie^icDy* *ftftg£-e 

/cM^'ttCCaoa Euoa) Dyo.06 Sia.75 Aha N 
is.25 0d.;s )^-afi£Lft 0 

[0 0 3 8] 0 5(a)(b)fci:, Eu 4*ytf>y i 4 

£ fc & t£ttTg£#fcCa-7;l/7 r 7 n y Mftft 

[0 0 3 9] ®&X^ b/l/fCfiu 290nmi:450nrati:i£V^ 
fcf-^tf-Olg&Sft/co C©-OOkr-^©rt, 290n 
ra^tf-^fi, Si^®cDCa-7/l/77^-Y7ni>#ag 
StXfc tf-^ieDag U 450nra©lf-^a, Eu-(N,0)£> 

-OT*fctK C<Otf-^(i. Eu 2 ' 4*y<Dd-[ 

(Mmms) j»b»**. © 1-7^77^-470^ ■. 

© Eu-7/l/7 7^7a>'=95 : 5©*;Wfcfc:S'&U 20 
C<DM&lft3i*fr-y h 7UXS«^ffl(,>T20HPa<O/inE 
~b\ 170CC, latraOg^HmttiTlBf^S^^-y-TEu 
51 ^^^^fi^*fcY-7;l'7r^7ny^ft(y 

o.s Euo.02 Si Ms Aha N-5.2S Ows ) ^Tca JiJt Ufco 

[00 4 0] I6(a)(b)t±, #4, Eu* 4*y*tti£Z 
^tz\-7)V7 7^47uymtW<Dmm7,^Y)K ?g 

»Ci±, 3i0nmt410tiHt/S^tr-^^-C)igA66nfco 18 

fttT-^Kii, 57()nmlc£-^tftl!iJ2*-U CO(f-^ 

li, Eu* ^*y<Dd-fjI&{i:g-3^T^S<, 30 

(MMW6) fjf2<Z>©Yb 2 * 7^7/"»M7ny(Ybo. 5 Si 
Ak* N, s . s 0o.« )^(D^m.%Wt Lfc, 

[00 4 1] B7(a)(b)li, Yb 2 * 71^77^x4 7 

uywm^'mg^^Yfr, ^x^b^^ufc 

^•V-hT'SSo IftigT/^ h Mcti. 3&240nro(-Cj£^ 
(?-Wli?nt 0 fgfttf-?£{i, 510nmtC tf— ^ 
ftWifflStl. CW-ttt, Yb 2 * 4*y?>d-m®lcM 

(H^W!7) B5S®©Er-7;l/7r-9-^7D>'(Ero. 5 Si 
S . B Ak» N». a 0b, 7i ) £^-©1: 3:gft#:i:Lfco 40 
[00 4 2] i8(a)(b)(i &*r. Er* 7;U77lM7 

®e;V^h;Wc(i, 263naitc^^e 
-^fc, 400nn^j5tEr 3 ' ^>©f-fii&£S-3<«§l 
V-VtfWlfflZtltco IMkr-^kHi, 500~600nroleEr 
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[0 0 4 3] fe^5A,. £<D0im<D5£W&, &±.<D%m. 
OUR */H£, ftl!*tt&H©»C^T{i«l^& 
[0 0 4 4] 

^iSfiWc->7hL. ®tRfcf-*#, #fiLED#$rf£ 
^(450~ 500nm)(efi*5 o C<Dtcib, C<DlHm<D^m 
\C& 0, *feLED^iJ|t1-§efeLED©r«'®jefb^^ 

?fts 0 

[0 0 4 5] CcDffiig<DJW©#±S^iS£tfS 
Wife, frf±SS*£tfSS#fc^{fctjMft4WS& 

mwvmmmm 

[01] Eu 2 * ^*y©tfSM£Ml:£-ti-fcCa-7/P7x 

v47aym?efo<Dm&ffl.icm?%mm7,^ v^tt 
[02] Eu 2 * 4*y<Dttmm*mti£#rcte-7)\s7 7 

*t47u ymt^nWtTs^ b frZTf.LTz?-^ -bX 
[S3] (a)(b)fi. Pr 3 * 4*y*imZ-&rcCa- 

7iV77^47uymm.<Dwm7,^Y)y. astx* 

[04] (a)(b)ti. Tb 3 ' 4^y^im^^fcCa- 

7)\>77 J &47uywm<DWtf&7,^>; b ;K fg^x-? 
^ b^^Lfc^-v-bTifeSo 

[05] (a)(b)tt, Eu 2 * 4*ytVy* 4*y*t 

& lcimz-&tcte-7)l>7 74r47ayM?tft<DWl&X 

[06] (a)(b)tt, Eu 2 ' 4*y*imZ-&M-7 

)\s7 7*f47uym.mb<D®m^'7Y!i<, wlt,^ 

[0 7] (a)(b){i. Yb 2 * 7;b7 7-y-^7D>'M7 , 6 

[08] (a)(b)ti, #^r, Er 5 ' 7)\>7 7*t47xiymt 

#<D®mx^ bM mty,^ b/i/^bfc^-t- b 
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[02] 




(8) 



&m 2002-36355 



[03] [04] 




2*0 SW M» 4M «5« «• fifiO 2M U* MM JM 4M 4f» fM 

fit S /nm K J| /nm 




(9) 
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F £-A(##) 4G001 BA06 BA07 BA08 BA09 BA52 
BB06 BB07 BB08 BB09 BB52 
BC42 BC46 BD31 BE02 
4H001 CA04 XA07 XA08 XA12 XA13 
XA14 XA20 XA39 XA59 XA60 
XA61 XA62 XA63 XA64 XA65 
XA66 XA67 XA68 XA69 XA70 
XA71 YA58 YA59 YA63 YA65 
YA68 YA70 



